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Clinical examination plays an essential diagnostic role in the primary evaluation of bone and joint injuries because a careful clinical information enables the right imaging modality to be chosen and the right anatomical area to be imaged. In cases of suspected soft tissue trauma (including ligamentous, peripheral nerve, and vascular injury), ultrasonography (US) or magnetic resonance imaging (MRI) can be used as the primary imaging modality. If the main suspicion is a fracture or dislocation, however, conventional radiographs are generally the first and sometimes the only diagnostic examination needed for the evaluation of joint trauma. However, in multitrauma patients and in severe comminuted joint fractures the quality of the radiographs may be debased and additional imaging with other modalities is necessary. Computed tomography (CT) is often used as a complementary imaging modality in complicated fractures if primary radiography is equivocal. As a result of technical breakthroughs in the field, multidetector CT (MDCT) is faster and has better temporal, spatial, and contrast resolution compared with conventional single-slice spiral CT (55) . Therefore, MDCT has rapidly become the imaging method of choice in severe emergency trauma. This also involves complex joint fractures.
Diagnostic Imaging of Acute Joint Trauma
Radiography Usually, standard anteroposterior (AP) and lateral views are diagnostically adequate for assessment of joint trauma. In more complex anatomic joint structures, such as wrist, elbow, shoulder, ankle, and foot, superimposing bones make image interpretation challenging and therefore additional views are needed. In general, diagnosis of fractures can be performed quickly using radiographs and it provides relevant information as to whether adjacent joints are involved and how the fracture fragments are positioned. However, in multitrauma patients and in severe comminuted joint fractures the quality of the radiographs may suffer from inappropriate positioning of the joint due to pain and from softtissue swelling of the acutely injured joint (20) (21) (22) (23) . Additional imaging with other modalities is therefore necessary in these cases.
(multiplanar reformation, MPR) can be acquired and 3-D reconstructions performed. The problem with single-slice CT is the inverse relationship between scan volume and slice thickness or spatial resolution. It causes reformation artifacts in volumetric imaging (MPR and 3-D reconstruction) due to poor spatial resolution along the patient axis. MDCT was introduced in 1998 in the field of diagnostic imaging (31) and improved the relationship between scan duration, available scan length, and spatial resolution along the patient axis (z-axis). Compared to single-slice CT, MDCT allows for simultaneous acquisition of multiple sections within a single tube rotation and all scanners offer subsecond rotation speed, thus increasing performance substantially. The increased performance of MDCT can be invested in shorter data acquisition (faster scans), wider scanning ranges (longer scans), or smaller sections (thinner scans). Faster scanning reduces movement artifacts and longer scans can be taken in a single breath-hold, especially benefiting emergency trauma patients (47, 55) . Thinner sections make it possible to acquire a near isotropic dataset with high spatial resolution and reduced partial volume effects (38) that allow volumetric imaging and reconstruction of arbitrary MPRs. The position of the body part scanned (e.g. the joint) is not crucial, due to use of these high-quality reformats.
Image noise grows as section collimation is reduced, and to maintain a low level of noise either the radiation dose needs to be raised or thicker sections reconstructed. In clinical practice, thicker sections are reconstructed from raw data, either axially or in any desired plane using MPR functionality.
The widespread availability, speed, and versatility of MDCT make it an ideal imaging modality in emergency radiology. In level-one trauma centers, which are dedicated to the treatment of severe orthopedic and neurosurgical trauma, MDCT is readily available and constitutes a one-stop shop in which severe injuries and fractures can be reliably diagnosed or ruled out. The standardized wholebody trauma examination protocol in which head, cervical spine, thorax, and abdomen are MDCTscanned in high-energy multitrauma patients, has already led to improved care and decreased mortality (32, 34) . MDCT has become a useful imaging modality in traumatic head and neck lesions (37) , and it has been shown that MDCT with MPR is helpful in disclosing complex joint fracture patterns in extremities where they reveal occult fractures and also the exact number of fracture components and their degree of displacement (20) (21) (22) (23) . The value of MDCT in the imaging of complex acetabular and pelvic ring fractures has been well established by FALCHI & ROLLANDI and therefore intraarticular fractures of the hip are not included in this review.
Magnetic resonance imaging (MRI)
MRI is considered to be the method of choice in traumatic injuries of the distal extremities (5) and has distinct advantages over CT owing to superior soft-tissue contrast and lack of ionizing radiation. The soft-tissue contrast resolution of CT allows the differentiation of ligaments and tendons from the surrounding fat, but both MRI and ultrasonography (US) have proved superior to CT for evaluation of these structures and of traumatic muscle lesions (5) . The problem with MRI is its cost and availability, especially at on-call hours. CT is also a faster imaging modality than MRI, which is a crucial point in trauma patients. Metallic fixation material and even very small particles of ferromagnetic material in operated joints produce artifacts in MRI images (1) . Metallic fixation material also causes artifacts in CT images, but in MDCT the metal artifact problem can be diminished using thinner sections and image-processing techniques.
MDCT in Acute Joint Fractures
The uncertainty of joint radiographs in the trauma patient may stem from poor positioning due to pain, poor-quality radiographs due to soft-tissue edema, or disparity between the patient's symptoms and the radiographic findings. The role played by CT/ MDCT can be divided into cases where in radiography the presence of a fracture is in doubt and those where the diagnosis is performed but CT/ MDCT is used to better define the extent of injury to aid in planning for surgery or in deciding between surgery and more conservative management. MDCT is faster and makes use of high-quality MPR and isotropic viewing compared with singleslice CT. The high-quality MPR capability is especially useful in analyzing complex joint fractures where complicated spatial information on the relative positions of fracture fragments can be easily demonstrated to orthopedic surgeons, thus aiding in surgical planning. MPR also better reveals the subtle fractures, particularly those oriented in the axial plane.
Radiation dosage is substantially increased in MDCT if the same milliampere settings as in singleslice CT are used (42) , but careful choice of scanning parameters and optimizing the scan protocols can eliminate or reduce this problem. The average effective radiation dose for extremity MDCT examination is 1 mSv (44), which is dependent on the size and length of the body part examined and the scanning parameters used (slice thickness, voltage, amperage). The effective dose for extremity radiography is approximately 0.01 mSv (15) . Although the effective dose is higher in MDCT examination than in conventional radiography, the extremity MDCT examination can also be considered as a low-dose examination (15) . In the setting of a high-energy multitrauma patient where head, cervical spine, thorax, and abdomen are MDCTscanned, the relative dose for extremity MDCT examination is small compared to the total body radiation dose.
Wrist
In clinical practice, distal radius fractures seldom cause diagnostic problems in radiographs. However, small carpal bone fractures can be difficult to detect because of complex joint anatomy and overlapping shadows. Isolated severe sprain of the ligaments of the wrist joint is not common, and the diagnosis of wrist sprain should not be made until other lesions, such as carpal fractures and dislocations, have been ruled out. Scaphoid fractures account for 75% of all carpal fractures, which are generally intra-articular, and they are classified by location of the fracture line; scaphoid tubercle and distal pole fractures account for 5-10% of all scaphoid fractures, 70-80% of fractures occur in the waist, and 15-20% in the proximal pole (18) . Fractures of the capitate, lunate, and hamate bones account for only 1-3% of all carpal fractures (8, 18) . Fractures of the pisiform, triquetral, trapezium, and trapezoid bones are less common. The most common dislocations in the wrist, ranging from least severe injury to the most severe, include the scapholunate, perilunate, midcarpal, and lunate dislocations, which are associated with various degrees of interosseus ligament tears between the carpal bones (18) .
A total of 2-16% of scaphoid fractures are not visible on primary radiographs (43, 57) . If unrecognized, this may lead to complications such as nonunion, osteonecrosis, and post-traumatic arthritis (17) . MDCT has been shown to detect occult fractures and rule out suspected fractures of the small carpal bones (30) . Several special radiography views have been described to better image the scaphoideum and other small carpal bones. Although these special views increase diagnostic accuracy (6), MDCT with MPR in the sagittal and coronal planes show the wrist anatomy without superimposed structures and occult fractures are therefore more easily revealed (Fig. 1) . In special radiography views, the positioning of the wrist and hand is important, which can be painful and difficult for the patient. In MDCT, positioning of the wrist and hand is not crucial owing to the use of high-quality reformats.
In the setting of equivocal primary radiographs and clinical suspicion of a fracture, MDCT can be used to confirm or rule out a fracture, and in the latter case unnecessary cast immobilization and later control radiographs can be avoided (30) . However, in the case of equivocal primary radiographs, cast immobilization (and control radiographs) will probably remain the mainstay in the treatment of suspected scaphoid fractures due to radiography's wide availability and low cost. So far, there are no studies available in which MDCT is compared with MRI in the assessment of scaphoid fractures. MRI has also been considered as a good problem-solver in occult wrist fractures (10), although false-negative triquetral fractures have been reported (36) . However, MDCT is a faster imaging modality and its availability is better compared with MRI.
Elbow
Adult elbow fractures most commonly involve the radial head and the injury mechanism is usually a fall (29) . Radial head fractures were classified by MASON (40) into three types: type I, undisplaced fractures; type II, marginal fractures with displacement (including impaction, depression, and angulation); and type III, comminuted fractures involving the entire head. Based on the structure involved, fractures of the distal humerus can be classified as supracondylar (extra-articular), transcondylar, and intercondylar, as well as fractures of the medial and lateral epicondyles, capitellum, and trochlea. Anterior and posterolateral dislocations of both the radius and ulna in relation to the distal humerus are the most common types of elbow dislocation, accounting for 80-90% of all dislocations in the joint (18) . Isolated dislocation of the radial head is rare and is more commonly associated with fracture of the ulna (Monteggia fracture-dislocation).
Fractures of the radial head and neck may be subtle, and the appearance of secondary signs in primary radiographs, such as the elevated fat pads from elbow joint effusion, may be the only signs indicating a fracture (39) . Fracture of the coronoid process may be occult and is often associated with posterior dislocation in the elbow joint. If unrecognized it may fail to unite, leading to recurrent subluxation or dislocation in the joint (18); identification of ulnar coronoid fracture is therefore important.
Displaced fracture fragments in the elbow joint are usually easily detected in radiographs, but small ulnar coronoid fragments can be difficult to distinguish from fragments of the radial head. The origin of the fragment can be a diagnostic problem in radiography (20) . MPR in the sagittal and coronal planes shows the joint anatomy without interference from superimposed structures and the origin of the fragment is more easily revealed (20) . The patterns of articular fracture in the distal part of the humerus can be difficult to manage and therefore MDCT scans with MPR enhance preoperative assessment of the fracture (Fig. 2) (20, 51) .
Shoulder
In elderly patients, the most common injury is humeral surgical neck fracture, which is often associated with avulsion fractures of the tubercles. The commonly used fracture classification in the proximal humeral fractures is NEER's classification (45) , which is based on the presence or absence of displacement of the four major fragments (humeral head, proximal humeral diaphysis, greater and lesser tubercle). Typical fractures associated with shoulder dislocation include the posterolateral compression fracture (Hill-Sachs lesion), greater tuberosity fracture and humeral neck fractures, which are associated with 30-55% of anterior dislocations (24, 52, 54) . The incidence of the bony Bankart lesions associated with anterior shoulder dislocation can be as high as 32% (3). Scapular fractures are classified according to the anatomic location: body, glenoid rim or articular surface, anatomic neck, surgical neck, coracoid process, acromion process, and spine (18) .
The anatomy of the glenohumeral joint is complex and in the case of fracture the components must be reconstructed if the kinetics of the joint is to be preserved (48) . Owing to the high incidence of humeral head avascular necrosis in displaced three-part and four-part fractures (45) , it is essential that these fractures are treated adequately. Their treatment varies considerably, depending on the fragment displaced and the number of displaced fragments. For adequate treatment to be initiated, the extent of the fractures and the number and position of the dislocated fragments must first be correctly identified. The tubercular fracture fragments, especially from the lesser tubercle, and their displacements are often very difficult to assess in plain radiographs (7, 23) . The sensitivity of conventional radiography in the detection of lesser tubercle fractures is poor, and may be due to the fact that AP internal and external rotation views are not generally used because they are usually difficult to obtain in cases of acute injury (23) . The subscapularis tendon is inserted in the lesser tubercle and if the fracture is not well repositioned it will cause restricted internal rotation of the humerus.
Axial CT is the method of choice to aid in preoperative planning in difficult highly comminuted fractures of the proximal humerus (7). In such patients, the exact number of fracture fragments is easily underestimated in radiographs (23) . Compared with conventional helical CT, MDCT makes use of high-quality MPRs in the coronal oblique and sagittal oblique planes to reveal the exact degree of fragment displacements. MDCT with MPR therefore increases the accuracy of fracture classification in comminuted proximal humerus fractures (23) .
The sensitivity of conventional radiography in the detection of bony Bankart lesions is good (95%), but in other glenoid cavity fractures it is only 65% compared to MDCT with MPR (23) . Fracture of the glenoid with a large fragment is known to cause anterior instability of the shoulder (2) . The size of the bony Bankart lesion affects the degree of shoulder instability (27) , and if the osseous defect is large enough, Bankart repair with bone grafting is needed (41) . CT images are superior to plain radiographs in assessing the size of a bony defect in the glenoid (23, 28) .
The origin of the fragment can be a diagnostic problem in radiography, but in MDCT the MPR in the coronal oblique and sagittal oblique planes shows the joint anatomy without interference from superimposed structures and the origin of the fragment is more readily revealed (23) . MDCT also reveals occult fractures such as lesser and greater tubercle, coracoid process, and scapular spine fractures (Fig. 3) (23) .
Knee
Fractures of the distal femur are classified according to the site and extension of the fracture line as supracondylar, condylar, and intercondylar fractures. Sometimes supracondylar fractures are associated with the fractures of the proximal tibia due to a high impaction forces, for example in motorcycle accidents (53) . Intra-articular fractures can be confined to one or both condyles. Fracture of a single femoral condyle is uncommon, and is usually caused by direct trauma. Fractures confined to one condyle are usually obliquely oriented (53) . A fracture of the proximal tibia most commonly consists of medial or lateral tibial plateau fractures, which are classified in six different types according to HOHL (26) . Shearing, rotatory, or tangentially aligned impacting forces directed to the knee joint may result in acute osteochondral (or chondral) fracture of the femoral, tibial, or patellar articular surface (18) . Ligamentous injuries occur in 10-12% of plateau fractures (53) . The cruciate ligaments of the knee are structures commonly subject to the injury (18) . Avulsion fractures of the anterior tibial eminence involve the site of attachment of the anterior cruciate ligament (ACL), whereas less commonly seen avulsion fractures of the posterior tibial eminence occur at the site of origin of the posterior cruciate ligament (PCL) (53) . Patellar fractures are classified into longitudinal (vertical), transverse, and comminuted fractures, from which the transverse fracture is most frequently seen constituting approximately 60% of all patellar fractures (18) .
The normal tibial plateaux slope down posteriorly 5 to 15 degrees from the horizontal. This causes a variable amount of distortion on the radiographs; subtle fractures may be overlooked on AP view, or, conversely, posterior depression can be overestimated. Even in the lateral view it is difficult to appreciate the posterior portion of the tibial plateaux (46, 53) . In fractures of the distal femur, extension into the knee joint is quite common. Anatomic reconstruction and retention of stability is operatively demanding, therefore diagnostically adequate imaging methods are extremely important for development of an operative strategy (53) . In patients with multiple injuries, and in those with severe comminuted knee fractures, the appropriate positioning of the knee is difficult. The role of CT in evaluation of tibial plateau fractures in the knee joint has been well established. CT provides optimal visualization of the tibial plateau depression, defects, and split fragments, and spiral CT with 3-D reconstructions affords a more accurate demonstration of these complex fractures than the radiographs, allowing a more precise preoperative surgical plan (50, 58) .
Depending on the patient's symptoms and radiographic findings, nowadays in many institutions MDCT is obtained as the next step. MDCT with MPR enhances preoperative assessment of the fracture and operative decision-making in different complex joint fractures (20) (21) (22) (23) . Similarly, in patients with complex knee fractures MDCT could be used as a complementary examination because it gives excellent understanding of articular surfaces (Fig. 4) .
Ankle and foot
Ankle fractures can be subdivided into two categories: those that involve the malleolar projections (uni-, bi-, and trimalleolar fractures) and those involving the tibial plafond (pilon, Tillaux, and triplanar fractures). Malleolar fractures are classified based on radiographic findings and there are two popular classification systems. The Weber classification is based on the level of the fibular fracture and the Lauge-Hansen classification on the position of the foot at the time of the injury combined with the applied deforming forces (35) . The majority of dislocations of the ankle joint are fracture dislocations occurring in association with fractures of the malleoli and fibular shaft and tears of the collateral ligaments (53) , and many are open fractures or fracture dislocations due to high-energy direct trauma force.
The internal oblique view, in addition to the AP and lateral projections, increases the sensitivity of conventional radiography in the detection of ankle fractures (53) , but in patients with multitrauma and in those with severe comminuted ankle fractures, appropriate positioning of the ankle is difficult. The patterns of articular fracture in the distal part of the tibia, especially in pilon fractures (comminuted intra-articular fractures involving the distal tibia and tibial plafond), can be difficult to disclose in conventional radiographs and therefore MDCT scans with MPR give an excellent understanding of articular surfaces and dislocated fragments in these complex fractures (22) . The occult posterior malleolus fracture can be potentially harmful and cause complications if not detected and accurately managed. Internal fixation of the posterior malleolus is recommended if the reduced fragment comprises more than one-fourth of the tibial articular surface (19) .
Talus fractures are the second most common fractures in the foot after calcaneus fractures and can be divided into talar head, neck, body, and posterior process fractures. Osteochondral fractures of the talar dome can be difficult to detect in conventional radiographs and, in patients complaining of chronic disability after ankle sprains, CT or MRI may reveal an occult osteochondral lesion (25) . Subtalar joint dislocations with associated intra-articular fractures involving the subtalar or talonavicular joints can lead to significant subtalar joint arthrosis (9) . The overall sensitivity of conventional radiography in the detection of talar fractures is only moderate, and performing the diagnosis of associated intraarticular fractures of the subtalar or talonavicular joint with a subtalar joint dislocation is even more difficult in plain radiographs (12, 22) . The presence of an intra-articular fracture exacerbates the prognosis (4), and MDCT with MPR is a recommended complementary examination for revealing possible occult intra-articular fracture of the talus if subtalar joint dislocation or subluxation is suspected (22) .
Calcaneal fractures can be classified according to Essex-Lopresti into two main categories: those sparing the subtalar joint (25%) and those extending into it (75%), the latter subdivided into jointdepression fractures and tongue-type fractures (14) . Conservative treatment is best reserved for nondisplaced calcaneal fractures. However, for patients who have displaced intra-articular fracture fragments, non-operative treatment offers little chance of a return to normal function because a calcaneal malunion will develop (56) . In intra-articular calcaneal fractures the degree of depression of the posterior calcaneal facet may often be underestimated in lateral radiographs and also in coronal CT images (11) . Nevertheless, MPR in the sagittal and coronal planes shows the exact position of the posterior facet and joint malalignment without interference from superimposed structures, thus aiding in decision-making between operative and non-operative treatments (22) .
In the detection of midfoot fractures (navicular, cuboid, and cuneiform bone fractures), the sensitivity of primary radiography can be as low as 24-33% compared with MDCT (22) . These fractures can potentially be damaging and cause complications if not detected and accurately managed.
The most common dislocation in the foot occurs in the tarsometatarsal (Lisfranc) joint and it is related to high-energy direct or indirect trauma (13, 21) . In a Lisfranc fracture dislocation, the fracture lines and minimal tarsometatarsal malalignment are sometimes difficult to detect in conventional radiographs (Fig. 5) (21, 49) . It has been estimated that as many as 24% of Lisfranc joint injuries are missed on initial AP and oblique radiographs (13, 21, 22) . MPR provides better visualization of the complex fracture anatomy and even minimal joint malalignment in Lisfranc joints without interference by superimposed structures, thus aiding in surgical planning: the extent of the fractures and the dislocated joint facets are better evaluated in MPR than in radiographs (21, 22) .
Lisfranc fracture dislocations can be overlooked in multitrauma patients if not clinically suspected because of more obvious skeletal injuries and serious trauma in other body parts. Only after the patient begins bearing weight may this injury become symptomatic. MDCT and high-quality MPR rapidly provide accurate information on complex fracture morphology, which is important in ensuring appropriate treatment and avoiding complications. Early diagnosis is crucial for proper management, to prevent poor functional outcome, and to minimize the possibility of post-traumatic arthrosis. Multitrauma patients known to have been exposed to high-energy trauma usually have multiple fractures and therefore the entire ankle and foot should be scanned if MDCT examination is planned (21, 22) .
In conclusion, radiography is commonly used as a primary imaging modality in acute joint trauma. However, it can be concluded that in high-energy multitrauma patients and in complex fracture patterns the overall sensitivity of plain radiographs is only moderate to poor. Therefore, in complex joint fracture patterns with equivocal radiographs, MDCT is recommended as a complementary examination. In these cases, MDCT with MPR discloses the complex fracture morphology, reveals occult fractures, and shows the exact number of fracture components and their degree of displacement.
